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(54) Apparatus and method for regenerating a particulate filter in the exhaust system of an 
internal combustion engine 



(57) A particulate deposit amount Spm on a partic- 
ulate filter (3) disposed in an exhaust passage (17) is 
estimated during a usual period other than a regenera- 
tion period of the particulate filter (3) and during the re- 
generation period thereof respectively. 

An increase value Dpm per unittime of the Spm dur- 
ing the usual period is estimated based upon an engine 
operating condition and a sum of the Spm is determined 



by integration thereof (81 5.16). 

On the other hand, a particulate deposit amount 
Spm decreasing by burning during the regeneration pe- 
riod is determined by, one by one, subtracting a de- 
crease value bpm per unit time estimated based upon 
a particulate deposit amount Spmi that is determined by 
the above integration at a starting point of the regener- 
ation period from the Spmi (S12,17). 



FIG.1 




I 

CD 



Printed by Jouve, 75001 PARIS (FR) 



8NSDOCIO: <EP 13530S0A1 J_> 



1 EP 1 353 050 A1 



Description 

BACKGROUND OF THE iNVENTION 

Field of the Invention s 

[0001] This invention relates to an apparatus for re- 
generation of a particulate filter disposed In an exhaust 
passage that removes particulates out of an exhaust 
gas in a diesel engine and the like. io 

Related Art of the Invention 

[0002] There is known a particulate filterthat removes 
particulates out of an exhaust gas In a diesel engine, is 
The particulate filter needs to remove deposited partb- 
ulates for regeneration thereof before the particulates 
are deposited excessively. Removal of the particulates 
is carried out in general by burning the particulates. 
[0003] A Japanese Unexamined Patent Publication 20 
No. 05 - 312022 discloses that a starting point of regen- 
eration period of the particulate filter is made consider- 
ing an amount of unbumed particulates remaining on 
the particulate filter after the particulate filter has been 
regenerated previously. 

[0004] In this Publk:ation, the unbumed, remaining 
amount of the particulates is estimated by a fuzzy theory 
based upon a filter temperature detection signal from a 
temperature sensor disposed respectively at a center 
and a periphery of the particulate filter. 

Summary of the Invention 

[0005] The reason the unburned, remaining amount 
of the particulates is taken into account in deciding a 
starting point of regeneration period of the particulate 
filter is that an optimal, starting point of the next regen- 
eration perk)d of the particulate filter depends on the re- 
maining particulates unburned. Since burning of the par- 
ticulates deposited on the particulate filter proceeds in 
the form of propagation burning, there is a case where 
some of the particulates deposited do not burn and re- 
main caused by various conditions during burning there- 
of. 

[0006] However, in this earlier technology, a plurality 
of parameters (a center temperature and a peripheral 
temperature of the particulate filter) are necessary for 
estimating an annount of the unburned, remaining par- 
ticulates and cost Increase accompanying temperature 
sensors can not be avoided. Also an application of the 
fuzzy theory makes logic more complicated, 
[0007] The present invention simply estimates a par- 
ticulate deposit amount on a particulate fitter throughout 
an entire engine operating period that includes a regen- 
eration period of the particulate filter and a usual period 
other than the regeneration period thereof, and regen- 
erates the particulate filter for a proper period. 
[0008] Therefore, the present invention estimates a 



2 

particulate amount deposited when the particulate filter 
starts to be regenerated and this deposit amount at the 
regeneration start is used as a parameter for estimating 
the deposit amount of the particulates decreasing during 
regenerating the particulate filter 
[0009] One aspect of the present invention provides 
an apparatus for regeneration of a particulate filter in an 
exhaust passage for an internal combustion engine. 
[0010] The apparatus comprises a particulate filter 
that removes particulates out of an exhaust gas and a 
controller that performs a process which regenerates 
the particulate filter by removing the particulates depos- 
ited on the particulate filter. 

[001 1 ] The controller estimates an amount of the par- 
ticulates deposited on the particulatefilter during a usual 
period other than the regeneration period and Judges 
whether or not the particulate filter Is on a condition for 
regeneration thereof based upon the estimated amount. 
[001 2] When the controller judges that the particulate 
filter is on a condition for the regeneration, the particu- 
lates deposited on the partrculate filter start to be burned 
for regenerating the particulate filter, as well as the par- 
ticulate deposit amount at this time is set as a deposit 
amount at a starting point of the regeneration period, 
and the deposit amount of the particulates decreasing 
during regenerating the particulate fitter is estimated up- 
on the set deposit amount at the starting point of the 
regeneration period of the particulate filter 
[0013] A different aspect of the present invention pro- 
vides a method of regenerating a particulate fitter dis- 
posed In an exhaust passage for an intemal combustion 
engine. The method estimates an amount of particu- 
lates deposited on a particulate filter during a usual pe- 
riod other than a regeneration period of the particulate 
filter and judges whether or not the partk:ulate fitter Is 
on a condition for regeneration. 

[0014] When it is Judged that the particulate filter is on 
a condition for the regeneration, the particulates depos- 
ited on the particulate filter start to be burned and the 
particulate deposit amount at this time is set as a deposit 
amount at a starting point of the regeneration period and 
a deposit amount of the particulates decreasing during 
regenerating the particulate filter Is estimated based up- 
on the set deposit amount at the starting point of regen- 
eration period of the particulate filter 
[0015] These and other aspects, and features of this 
invention will be understood from the following descrip- 
tion with accompanying drawings. 

Brief Explanation of the Drawings 

[0016] Fig, 1 is a construction view of a diesel engine 
comprising an apparatus of an embodiment according 
to the invention, 

[0017] Fig. 2 is a flowchart for regenerating a partic- 
ulate filter of the embodiment. 

[0018] Rg. 3 is a flowchart for setting a fuel injection 
amount. 
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[0019] Fig. 4 is a map used for setting a basic fuel 
injection amount. 

[0020] Fig. 5 is a flowchart for estimating a deposit 
amount of particulates. 

[0021] Fig. 6 is a map used for estimating a decrease 
value and an increase value of the deposit amount. 
[0022] Fig. 7 is a flowchart for setting a threshold lev- 
el. 

[0023] Fig. 8 is a map used for setting the threshold 
level. 

[0024] Fig. 9 is a flowchart for setting a deposit 
amount of the particulates at a start point of regeneration 
of the particulate filter. 

[0025] Fig. 10 Is a flowchart for setting a deposit 
amount of the particulates at an ending point of regen- 
eration of the particulate filter. 

[0026] Fig. 11 lis a time chart showing variations of the 
deposit amount of the particulates. 
[0027] Fig. 12 is a flowchart of a routine for setting a 
threshold level of a different embodiment according to 
the invention. 

[0028] Fig. 13 Is a map used for setting the threshold 
level in the routine. 

Detailed Explanation of the Preferred Embodiments 

[0029] As shown in Fig. 1, a diesel engine 1 (engine 
1 hereinafter) including an apparatus of an embodiment 
according to the invention is provided with NOx trap cat- 
alyst 2 and a diesel particulate fitter 3 (DPF hereinafter) 
as a particulate filter. 

[0030] NOx trap catalyst 2 positioned upstream of 
DPF 3 traps nitrogen oxidants (NOx hereinafter) in the 
exhaust gas when an air-fuel ratio of the exhaust gas is 
lean and removes them from the exhaust gas. 
[0031] When the air-fuel ratio of the exhaust gas be- 
comes rich, NOx catalyst 2 releases and reduces the 
trapped NOx. DPF 3 is fomned of honeycomb molding 
such as a fine porous ceramic. DPF 3 isfonmed of honey 
nest-like passages an inlet and an outlet of which are 
closed alternately and filters the exhaust gas and can 
trap particulates emitted from engine 1 . A passage wall 
of DPF 3 is coated with a layer having as a catalyst conv 
ponent a catalyst oxide for purifying hydrocarbon, car- 
bon oxide and the like. 

[0032] An intake passage 11 connected to an engine 
body has an air cleaner (not shown) in an introduction 
portion thereof that removes dusts in the intake air. A 
hot wire type airflow meter 31 is disposed right down- 
stream of the air cleaner. 

[0033] An intake air amount is detected by airflow me- 
ter 31 . An intake air detection signal from airflow meter 
31 is input to an engine controller 21 (ECU hereinafter). 
A catalyst temperature detection signal from a temper- 
ature sensor 32 disposed at NOx trap catalyst 2, a crank 
angle position detection signal from a crank angle sen-* 
sor 33, an acceleration pedal opening angle detection 
signal from an acceleration sensor 34, and a water tem- 



perature detection signal from a water temperature sen- 
sor 35 other than the intake air amount detection signal 
are input to ECU 21 . 

[0034] ECU 21 calculates an engine rotation speed 

5 Ne based upon the crank angle position detection sig- 
nal. A compressor portion 12a of a variable nozzle tur- 
bocharger 12 is disposed at intake passage 11 and the 
intake air passing through airflow meter 31 is pressu- 
rized and sent out. The pressurized intake air is distrib- 

10 uted in a manifold portion to each cylinder. 

[0035] In engine 1 , a throttle valve 1 4 is disposed right 
upstream of a surge tank 1 3 a pressure of which can be 
negative by throttle valve 14. Throttle valve 14 opens 
and closes by an actuator such as a stepping motor that 

15 is activated based upon a control signal from ECU 21 . 
[0036] An injector 15 is disposed at the engine body 
for fuel injection with Injector 15 being exposed to an 
upper side and a substantial center of a combustion 
chamber in each cylinder. Fuel is pressurized to a cer- 

20 tain pressure by a fuel pump and is supplied to each 
injector 15 via a common rail 1 6. 
[0037] Injector 1 5 drives to be open at a certain timing 
based upon a control signal from ECU 21 and directly 
injects a certain amount of fuel Into a cylinder. A turbine 

25 portion 1 2b of turbocharger 1 2 isdisposed at an exhaust 
passage 17. 

[0038] A turbine wheel of turbine portion 12b and a 
compressor wheel of compressor portion 12a are f ixed 
together by a shaft. The exhaust gas flowing into turbine 
30 portion 12b rotates the turiDlne wheel, thereby rotating 
the compressor wheel. 

[0039] Exhaust passage 17 is connected to a surge 
tank 13 upstream of turbine portk>n 12b, as well as 
downstream of a convergent point with the manifold por- 
35 tion and forms a passage 1 8 for an exhaust gas recir- 
culation (EGR hereinafter). 

[0040] A control valve 1 9 is disposed in EGR passage 
18 such that an exhaust gas amount recirculated can 
be adjusted. The exhaust gas passing through turbine 
40 portion 1 2b is discharged into air through NOx trap cat- 
alyst 2 and DPF 3. 

[0041 ] At this time the particulates are removed out of 
the exhaust gas by DPF 3 but when the particulates are 
deposited excessively in DPF 3, it causes blinding of 

45 DPF 3 to deteriorate an engine perfonDance. Therefore, 
the particulates deposited on DPF 3 are periodteally re- 
moved, thereby regenerating DPF 3. 
[0042] Regeneration process of DPF 3 according to 
an embodiment will be explained with reference to a 

so flowchart. Step 1 (S hereinafter) in Fig. 2 showing a flow- 
chart of DPF regeneration process routine reads a par- 
ticulate deposit amount Spm at this moment, an engine 
rotation speed Ne, and a fuel injection amount Qf . 
[0043] The particulate deposit amount Spm is esti- 

55 mated in a particulate deposit amount estimation routine 
described later. 

[0044] In Fig. 3 showing a fuel injection amount set- 
ting routine. In S 101 the iengine rotation speed Ne and 
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the acceleration opening angle C i are read, and in S 
1 02 a basic injection amount l\^qdrv is calculated based 
upon Ne and C I read. 

[0045] Mqrdv is retrieved and determined from a map 
shown in Fig. 4 and becomes larger as C I is larger. In 5 
relation to a certain C I, Mqrdv becomes smaller as Ne 
is higher. In S 103, Mqrdv is corrected based upon a 
water temperature and so on, and the corrected result 
is set as the fuel injection amount Qf . 
[0046] In S 2 of Fig. 2, it is judged whether or not the io 
engine rotation speed Ne is within a certain range de- 
temriined by a lower limit value Ne regL and an upper 
limit value Ne regH. When it is judged that the engine 
rotation speed Ne Is within the range, the process goes 
to S 3 and when It is not within the range, the routine is 
returns. These S 2 and S 3 are steps wherein it is judged 
whether or not engine 1 is in an engine operating con- 
dition where DPF 3 can be regenerated. 
[0047] In S 4, a threshold level SpmSLH forjudging it 
is time to regenerate DPF 3 and a threshold level 
SpmSLLfor permitting regeneration process to end are 
calculated. These threshold levels SpmSLH and 
SpmSLL will be calculated in a threshold level setting 
routine described later. 

[0048] SpmSHL corresponds to a first certain value 25 
and Spm SLL corresponds to a second certain value. 
[0049] In S 5, it is judged whether or not a flag Freg 
value is 0. The flag Freg is a flag for judging whether or 
not DPF 3 is in a regeneration period, and a value 1 is 
replaced in the flag Freg in the regeneration period and 30 
a value 0 in the other process. When it is judged that the 
flag Freg is 0, the process goes to S 6. 
[0050] When rt is judged that the flag Freg is not 0, 
the process goes to S 8. In S 6, it is judged whether or 
not the particulate deposit amount exceeds the thresh- 35 
old level SpmSLH. When it is judged that it does, the 
process goes to S 7. When it does not, the routine re- 
tums. In S 7, it is judjged that the particulates are depos- 
ited exceeding an allowance amount of DPF 3 and it is 
time to regenerate DPF 3. Then, a value 1 is replaced 
in the flag Freg, and the routine returns. 
[0051] On the other hand, when it is judged that the 
flag Freg is not 0 and DPF 3 is in the regeneration proc- 
ess, the process goes to 3 8 wherein it is judged whether 
or not the particulate deposit amount becomes below ^5 
the threshold level SpmSLL. When it is judged that it is 
below the threshold level SpmSLL, the routine returns. 
[0052] In S 9, it Is Judged that the process of the par- 
ticulate deposited on DPF 3 proceeds and DPF 3 has 
been regenerated. Then, a value 0 is replaced in the flag so 
Freg and the routine retums. Herein judging whether or 
not the regeneration of the particulate filter ends may be 
made based upon, not limited to the estimated particu- 
late deposit amount decreasing to a predetermined val- 
ue, but an elapse time from after judging that it is time 55 
to regenerate the particulate filter in S 7. Next, a partic- 
ulate deposit amount estimation routine will be ex- 
plained. 



[0053] In Fig. 5 showing a flowchart of the routine, a 
flag Freg is read in S 1 1 . In S 1 2. it is judged whether or 
not a value of the flag Freg is 0. When it is judged that 
the flag Freg is 1, the process goes to S 13. When it is 
judged that the flag Freg is 0, the process goes to S 15. 
[0054] In S 1 3, the deposit amount Spmi estimated at 
a starting point of the regeneration period of DPF 3 is 
read. Spmi will be set in a deposit amount setting routine 
atthestartingpoint of the regeneration period. Since the 
deposited particulates are removed from DPF 3 during 
the regeneration period, the particulate deposit amount 
Spm gradually decreases from Spmi, 
[0055] In S 14, a deposit amount decrease value Dpm 
is calculated based upon the deposit amount at the start- 
ing point of the regeneration period. Dpm calculated dur- 
ing the regeneration period is a decrease amount of the 
particulate deposit amount per unit time and is set as a 
larger value as Spmi is larger as shown in Fig. 6 (a). 
Herein, Dpm is a minus value. 

[0056] On the other hand, when in S 12 it is judged 
that the flag Freg is 0, the process goes to S 15 wherein 
an engine rotation speed Ne and a fuel injection amount 
Qf as an engine operating condition are read. Since the 
particulates are deposited In DPF 3, the deposit amount 
Spm thereof gradually increases. 
[0057] In S 1 6, a deposit amount increase value Dpm 
is calculated based upon Ne and Qf read. Dpm calcu- 
lated at a usual period other than a regeneration period 
is an increase amount of the particulate deposit amount 
per unit time and is set as a larger value as Ne Is higher 
and Qf is larger. 

[0058] In S 17. Spm at the present time is estimated 
by adding the change amount per unit time Dpm to the 
particulate deposit amount Spm estimated when this 
routine has been performed previously (Spm = Spm + 
Dpm X A t. A t:calculation cycle). In S 1 8, the particulate 
deposit amount is limited within a predetermined range. 
When Spm exceeds an upper limit value SPMH, Spm 
Is set as SPMH. When Spm is below a lower limit value 
SPML, Spm is set as SPML. The estimated Spm is 
stored each time. 

[0059] A threshold level setting routine will be ex- 
plained. In Fig. 7 showing a flowchart of the routine, the 
engine rotation speed Ne and the fuel injection amount 
Qf as the engine operating condition, and the deposit 
amount at an ending point of the regeneration period 
Spme are read. Spme is the particulate deposit amount 
estimated as remained unbumed after the DPF 3 has 
been regenerated and will be explained at a deposit 
amount setting routine at the ending point of the regen- 
eration process described later. 

[0060] In S 22, a product of Ne and Qf is set as a 
threshold level setting index Spmjdg which may be re- 
trieved from a map allotted by Ne and Qf. In S 23, a 
threshold level SpmSLH is calculated. SpmSLH Is re- 
trieved from a map allotted by the setting index Spmjdg 
and the deposit amount at the ending point Spme as 
shown in Fig. 8 (a). SpmSLH is set as a smaller value 
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as Spmjdg is larger, namely Ne is higher and Qf is larger. 
SpmSLH is set as a snnaller value as Spme is larger. 
[0061] In S 24. a threshold level SpmSLL is calculat- 
ed. SpmSLL is retrieved from a map allotted by the set- 
ting index Spmjdg and the deposit amount at the ending 
point Spme as shown in Fig. 8 (b). SpmSLL is set in 
relation to Spmjdg and Spme in the same as SpmSLH 
and when these parameters Spmjdg and Spme are con- 
stant. Spm SLL is set as a smaller value than SpmSLH 
(SpmSLL < SpmSLH). 

[0062] A deposit amount setting routine at the starting 
point of the regeneration period will be explained. 
[0063] In Fig. 9 showing a flowchart of the routine, in 
S 31 , the flag Freg. the flag Fregn-1 and the particulate 
deposit amount Spm are read. The flag Fregn-1 is the 
flag Freg read when the routine is previously executed. 
In S 32, it is judged whether or not the flag Freg is 1 and 
in S 33, the flag Fregn-1 is 0. In these steps, It Is judged 
whether or noUhe process is in a stale immediate after 
it is judged that it is lime to regenerate the particulate 
filter. When it iS so. the process goes to S 34. When It 
is not, the process goes to S 35. 

[0064] In S 34. the particulate deposit amount Spm at 
the present time is set as the deposit amount Spmi at 
the starting point (Spmi = Spm). In S 35, the deposit 
amount Spmin-1 at the starting point previously set is 
set as Spmi (Spmi = Spmin-1 ). The deposit amount set- 
ting routine at the ending point will be explained. 
[0065] In Fig. 10 showing a flowchart of the routine, 
in S 41 , the flag Freg. the flag Fregn-1 . and the partic- 
ulate deposit amount Spm are read. In S 42 and S 43, 
it Is judged whether or not the process is in a state im- 
mediate after it is judged that DPF 3 has been regener- 
ated. When it is, the process goes to S 44 and when it 
is not, the process goes to S 45. 
[0066] In S 44, the particulate deposit amount Spm at 
the present time is set as the deposit amount Spme at 
the ending point (Spme = Spm). In S 45, the deposit 
amount Spmen-1 at the ending point previously set is 
set as Spme ( Spme = Spm en-1). 
[0067] An operation of ECU 21 will be explained 
based upon a time chart as shown in Fig. 11. ECU 21 
sets the threshold level SpmSLH, SpmSLL based upon 
the engine rotation speed Ne, the fuel injection amount 
Qf, and the particulate deposit amount Spme estimated 
at the ending point of the previous regeneration period 
of DPF 3 (S4). 

[0068] At the usual period, ECU 21 estimates the par- 
ticulate deposit amount Spm based upon the engine op- 
erating condition of engine 1 . Namely, Spm is estimated 
by integrating the deposit amount increase value Dpm 
per unit time determined based upon the engine rotation 
speed Ne and the fuel injection amount Qf (S 1 6). 
[0069] When it is judged that it is time to regenerate 
DPF 3 by detecting that Spm exceeds a threshold level 
Spm SLH at time ti, the flag Freg changes from 0 to 1 
and also Spm at this moment Is set as the deposit 
amount Spmi at the starting point (S 7. S 34). ECU 21 



perfomns a process that bums the deposited particu- 
lates for regenerating DPF 3 as follows. 
[0070] ECU 21 operates engine 1 at a mode of rising 
an exhaust gas temperature for oxidizing the particu- 

5 lates with oxygen in the exhaust gas to bum . The reason 
for it, burning the particulates requires a certain high 
temperature of the DPF 3 (a temperature more than 600 
degrees) and an exhaust gas temperature for a diesei 
engine is usually below that temperature. 

10 [0071 ] At this mode, an air excess rate of the exhaust 
gas is lowered by further injecting fuel after fuel Injection 
for an engine output so that the exhaust gas tempera- 
ture is increased. Or the exhaust gas temperature is in- 
creased by controlling throttle valve 1 4 or EGR valve 1 9. 

15 [0072] When a temperature of DPF 3 reaches a cer- 
tain high temperature, ECU 21 changes the engine 
mode to an execution mode for regeneration of DPF 3. 
Namely, more oxygen Is supplied by increasing the air 
excess rate of the exhaust gas to burn and remove the 

20 particulates deposited on DPF 3. 

[0073] ECU 21 estimates the particulate deposit 
amount Spm decreasing during regeneration period 
thereof based upon the deposit amount Spmi at the 
starting point of the regeneration period. Namely, Spm 

25 is detemnined by decreasing the deposit amount de- 
crease value Dpm per unit time estimated based upon 
Spmi (SI 4). 

[0074] When it is judged that DPF 3 has been regen- 
erated based upon by detecting that Spm becomes be- 
30 low the threshold level SpmSLL at time t2, the flag Freg 
changes from 1 to 0 and Spm at this moment is set as 
the deposit amount at the ending point thereof (S 9, S 
44). 

[0075] According to an apparatus of the embodiment, 
35 the following effect is achieved. First, the particulate de- 
posit amount Spm can be simply estimated based upon 
the deposit amount at the starting point during the re- 
generation period of DPF 3. Accordingly a simple logic 
can be used for estimation without adding a special sen- 
40 sor. 

[0076] The reason the particulate deposit amount 
Spm can be estimated based upon the deposit amount 
Spmi at the starting point is, that the burning of the par- 
ticulates on DPF 3 proceeds depending on Spmi. The 

45 burning of the particulates proceeds in the f omi of prop- 
agation burning and the deposit amount Spmi that has 
been deposited at the starting point of the burning grad- 
ually decreases by the burning in a transitional state 
thereafter. At the transitional period, the burning velocity 

so of the particulates becomes higher and Spm decreases 
faster as Spmi is larger (Fig. 6), 

[0077] Second, the threshold level SpmSLH for judg- 
ment of regeneration start of DPF 3 changes corre- 
sponding to the engine rotation speed Ne and the fuel 
55 injection amount Qf and SpmSLH changes to a smaller 
value as these Ne and Qf are larger. Thereby, the par- 
ticulates are efficiently removed. 
[0078] As described above, the temperature of the ex- 
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haust gas needs to rise for regenerating DPF 3. An ex- 
haust gas temperature rises In proportion to an engine 
output and in an engine operating condition where Ne 
and Qf are large, the temperature of the exhaust gas is 
high. Therefore, in such engine operating condition, the 
regeneration needs less rise amount of the exhaust gas 
temperature. And when SpmSLH is set as a smaller val- 
ue, the judgment of the next regeneration start Is made 
sooner Therefore, regeneration of DPF 3 can be will- 
ingly performed with the temperature increase of the ex- 
haust gas remaining small and not so much deteriora- 
tion of a fuel economy, 

[0079] Third, the threshold level SpmSLH changes 
corresponding to the deposit amount Spme at the end- 
ing point and to a smaller value as Spme is larger. Ac- 
cordingly estimation accuracy of the particulate deposit 
amount during regeneration of DPF 3 can be main- 
tained. Immediately after the regeneration ends, the un- 
bumed, remaining particulates are deposited unequally. 
When a new particulate deposits on the unbumed, re- 
maining particulates, a deposit state of the particulate 
at a next starting point of the regeneration becomes un- 
equal. At the unequal deposit state of the particulates, 
the particulates do not burn smoothly as set and the es- 
timation accuracy of Spm based upon the deposit 
amount at the starting point deteriorates. 
[0080] According to the embodinrient, since a next re- 
generation of DPF 3 begins earlier after the ending point 
when the unburned, remaining amount is large, more 
repeat of the regeneration can decrease the unburned, 
remaining particulates without causing problems such 
as a filter melting by heat, thereby promoting an equal 
deposit of the particulates and highly maintaining esti- 
mation accuracy of Spm during the regeneration. 
[0081] Fourth, at the usual period other than the re- 
generation period of DPF 3, an amount of the particu- 
lates emitted from engine 1 changes corresponding to 
the engine rotation speed Ne and the fuel injection 
amount Qf. Therefore, the particulate deposit amount at 
the usual period can be accurately estimated based up- 
on Ne and Qf . 

[0082] As for the embodiment, the entirety of Fig. 5 
shows a deposit amount estimation unit, S 4 - S 7 of Fig. 
2 shows a regeneration start judgment, and S 8, S 9 of 
Fig, 2 and the process for a temperature rise of the ex- 
haust gas and regeneration execution thereafter show 
a regeneration control unit. 

[0083] 1 n the above embodiment, the threshold levels 
SpmSLH, Spm SLL change based upon an engine op- 
erating condition of engine 1 and the deposit amount 
Spm at the ending point. However, these threshold lev- 
els may be detennined only by the engine operating 
condition. Fig. 1 2 shows a flow chart of a threshold level 
setting routine in such case. ECU 21 reads an engine 
rotation speed Ne and a fuel injection amount Qf in S 
51 and sets a threshold level setting index Spmjdg 
based upon the read Neand Qf in S 52. In S 53, a thresh- 
old level SpmSLH Is set based upon the set Spmjdg and 



in S 54, a threshold level SpmSLL is set based upon 
Spm jdg. 

[0084] Each threshold leve* of SpmSLH, SpmSLL Is 
set as shown in Fig. 13 and as a smaller value as Sp- 
5 mjdg is larger. Under a constant Spmjdg, SpmSLH is set 
as larger than SpmSLL. 

[0085] This application claims priority to Japanese 
Patent Application No. 2002-104705 filed April 8, 2002. 
The entire disclosure of Japanese Patent Application 
^0 No. 2002-104705 is hereby incorporated herein by ref- 
erence. 

[0086] White only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 
IS various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. 

[0087] Furthermore, the foregoing description of the 
embodiments according to the present invention is pro- 
£0 vided for Illustration only, and not for the purpose of lim- 
iting the invention as defined by the appended claims 
and their equivalents. Moreover, features of the different 
embodiments may be combined. 

25 

Claims 

1 - An apparatus for regenerating a particulate filter (3) 
in an exhaust passage (17) for an tntemal combus- 
30 tion engine (1). the particulate filter (3) removing 
particulates out of an exhaust gas therein, compris- 
ing: 

a controller (21 ) that estimates a particulate de- 
35 posit amount of the particulate filter (3) during 

an engine operating period, the engine operat- 
ing period including a regeneration period of 
the particulate filter (3), where the particulate 
filter (3) is regenerated, and a usual period oth- 
40 er than the regeneration period, 

wherein, when the controller (21) judges that 
the estimated particulate deposit amount is greater 
than a first predetermined value during the usual 
45 period, the controller (21) starts a process that 
bums particulates deposited on the particulate filter 
(3), and sets a particulate deposit amount as a first 
amount at a starting point of the regeneration peri- 
od, and 

so wherein the controller (21 ) estimates a partic- 

ulate deposit amount during the regeneration peri- 
od based upon the first amount. 

2. An apparatus according to claim 1 , wherein, when 
55 the controller (21 ) judges that the estimated partic- 
ulate deposit amount decreases to a second prede- 
termined value during the regeneration period, the 
controller (21) ends the regeneration period. 
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3. An apparatus according to claim 1, wherein the 
process increases an exhaust gas temperature. 

4. An apparatus according to claim 1 or 3, wherein tlie 
particulate deposit amount during the regeneration 
period is estimated as a sum of the first amount and 
a decrease amount, the decrease amount estimat- 
ed based upon the first amount 

5/ An apparatus according to claim 4, wherein the de- 
crease amount is detemnined by integration of a de- 
crease amount per unit time estimated based upon 
/ the first amount. 

6. An apparatus according to claim 4 or 5 , wherein a 
value of the decrease amount increases as the first . 
amount Increases. 

7. An apparatus according to any of claim 1 , 3, 4, 5 or 
6 further comprising: 

an engine operating condition detector (31 , 34) 
that detects an engine operating condition, 
wherein the controller (21) estimates the par- 
ticulate deposit amount during the usual period 
based upon the engine operating condition. 

8. An apparatus according to claim 7, wherein the par- 
ticulate deposit amount during the usual period is 
estimated as a sum of an amount estimated in an 
earlier estimation and an increase amount from the 
earlier estimation corresponding to the engine op- 
erating condition. 

9. An apparatus according to claim 8, further compris- 
ing: 

an engine rotation speed detector (33) that de- 
tects an engine rotation speed, wherein a value 
of the increase amount increases as the engine 
rotation speed becomes higher. 

1 0. An apparatus according to claim 8 or 9, further com- 
prising; 

a fuel injector (1 5) that injects a certain amount 
of fuel, wherein a value of the increase amount 
Increases as a fuel injection amount increases. 

11. An apparatus according to claim 2 or 10, wherein 
the second predetermined value is smaller than the 
first predetermined value. 

12. An apparatus according to claim 11, wherein the 
controller (21) decreases the first predetermined 
value as an earlier particulate deposit amount^^ es- 
timated when the controller (21) earlier judges that 
the particulate filter has been regenerated, increas- 



es. 

13. An apparatus according to claim 11 or 12, wherein 
the controller (21) decreases the first predeter- 

5 mined value as an engine rotation speed increases. 

14. An apparatus according to any of claim 11-13 
wherein the controller (21) decreases the first pre- 
determined value as a fuel injection amount in- 
to creases. 

1 5. A method for regenerating a particu late f ilter (3) that 
removes particulates out of an exhaust gas for an 
internal combustion engine (1), comprising: 

15 

estimating a particulate deposit amount on the 
particulate filter (3) during a usual period, the 
' usual period being other than a regeneration 
period of the particulate filter (3); 
20 judging that the regeneration period should oc- 

cur when the estimated particulate deposit is 
greater than a first predetemnined value during 
the usual period; 

buming particulates deposited on the particu- 
25 late filter (3) during the regeneration period and 

setting a particulate deposit amount at a start 
of the regeneration period as a first amount; 
estimating a particulate deposit amount during 
the regeneration period based upon the first 
30 amount. 

16. A method according to claim 1 5, further comprising: 

ending the regeneration period when the estl- 
35 mated particulate deposit amount during the re- 

generation period decreases to a second pre- 
detemnined value. 

17. A method according to claim 15, wherein the par- 
40 ticulate deposit amount during the regeneration pe- 
riod is estimated as a sum of the first amount and a 
decrease amount, the decrease amount estimated 
based upon the first amount. 

45 18. A method according to claim 17, wherein the de- 
crease amount Is determined by integration of a de- 
crease amount per unit time estimated based upon 
the first amount. 

so 19, A method according to claim 17 or 18, wherein a 
value of the decrease amount increases as the first 
amount increases. 

20. A method according to any of claim 15-19, wherein 
55 the particulate deposit amount during the usual pe- 
riod is estimated based upon an engine operating 
condition. 
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21 . A method according to claim 20 wherein the partic- 
ulate deposit amount during the usual period is es- 
timated as a sum of an amount estimated in an ear- 
lier estimation and an Increase amount from the 
earlier estimation corresponding to the engine op- 
erating condition and the increase amount is set to 
a value which increases as an engine rotation 
speed becomes higher and a fuel Injection amount 
increases. 

22. A method according to any of claim 15-21, wherein 
the second predetermined value Is snrialler than the 
first predetermined value. 

23. A method according to claim 22, wherein the first '5 
predetemrilned value decreases as the particulate 
deposit amount, estimated when it is judged that the 
regeneration period should occur, increases. 

24. A method according to claim 22 or 23, wherein the 20 
first predetermined value decreases as an engine 
rotation speed becomes higher and a fuel Injection 
amount increases. 

25 
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